UNCLASSIFIED

AD NUMBER

ADB862966

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors; Critical Technol ogy; OCT
1969. O her requests shall be referred to Arny
Aber deen Research and Devel opnent Center,

Aber deen Proving G ound,. This docunent
contai ns export-controlled technical data.

AUTHORITY

BRL D)A Itr, 22 Apr 1981

THISPAGE ISUNCLASSIFIED




THIS REPORT MAS BEEN DELIMITED
AND CLEARED POR PUBLIC RELOASE
UNDER DOD DiAscTive 5200,20 AND
NO REOTRICTIGNE AL IMPOSES UPON
IT¢ VOR AND DIOCLOSURE,

ORESYRE C0R PURLIC MELAASE
DIiSTRIGUTION Wi 1%ITED,



AD 862966

BRL MR 2016

AD

MEMORANDUM REPORT NO. 2016

DEFORMATION CHARACTERISTICS OF
ONE LOT (LC SP412) OF 5.56mm M-193 AMMUNITION

by

Maynard J. Piddington

SN &

l )_'V"""'Jr‘nr;r;)

October 1969 X4 DEC 2 21969 }’
B ol

o

This document is subject to special export controls and each transmittal

to foreign governments or foreign nationals may be made only with prior
approval of Commanding Officer, U.S. Army Aberdeen Researcn and Development
Center, Aberdeen Proving Ground, Maryland.

U.S. ARMY ABERDEEN RESEARCH AND DEVELOPMENT CENTER

BALLISTIC RESEARCH LABORATORIES koproducod v the
ABERDEEN PROVING GROUND, MARYLAND ! ke &

] t
format )




BALLISTIC RESEARCIH LABORATORTIES

MEMORANDUM REPORT NO. 2016

OCTOBER 1969

DEFORMATION CHARACTERISTICS OF ONE
LOT (LC SP412) OF S5.56mm M-193 AMMUNITION *

Maynard J. Piddington

Exterior Ballistics Laboratory

This document is subject to special export controls and each transmittal
to foreign governments or foreign nationals may be made only with prior
approval of Commanding Officer, U.S. Army Aberdeen Researcn and Development

Center, Aserdeen Proving Ground, Maryland.

RDTELE Project No, 10°62604A6C7

ABERDEEN PROVING GROUND, MARYLAND




BALLISTIC RESLEARCH LABORATORTIILS

. MEMORANDUM REPORT NO, 2016

MJPiddington/pp
Aberdeen Proving Ground, !d.
October 1969

DEFORMATION CHARACTLERISTICS OF ONE
LOT (LC SP412) OF 5,56mm M-193 AMMUNITION

ABSTRACT

The deformation characteristics of one lot of 5,56mm
M-193 ammunition are presented and discussed. Physical
measurements of the ammunition were taken before and after
launch and the results compared on an individual basis,
Rounds were launched at standard muzzle velocity, recovered
and refired at a reduced velocity and compared with other '
rounds launched only at the same reduced velocity, Several
before and after launch rounds were contour measured and

comparisons were made on the shape of the projectile,
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TABLE OF SsyMpoLs

C - Drag Force
D

(1/2)pv2s
CD = Zero-yaw drag coefficient
o]
CD 5 = Yaw drag coefficient
é
CL ! = Lift Torce Positive coefficient: force acts
a (1/2)pV2Sat in the direction of the angle of
attack a, .
CN - Normal Force Positive coefficient: force acts
a (1/2)pv23at in the direction of the angle of
attack Gy
CM ' = Static Moment Positive coefficient: moment
a (1/2)pVZS!,at increases angle of attack a,.
CM = Mﬂlﬂ!s Momen: Positive coefficient: moment
pa (1/2)pv2sy 6— @y Trotates missile nose in

direction of spin,

For most exterior ballistic uses, the definition of the

damping moment sum is equivalent to:

CM + C“ = Damplﬂg_yom:nt Positive coefficient: moment
q & (1/2)pv2s5g % lncreases anpular velocity,
CPN = Center of pressure of normal force, Positive

from base to nose,
s - nd?
3; = arcsin /52
8 = Sin a,
2 = /x2 2
T VKG w B 4 g
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INTRODUCTION

In recent years, there has been a considerable amount

of aerodynamic testing done with the smaller caliber
bullets, 7,02mm and smaller, Results of some of these tests
are given in References 1 through 4, One characteristic of
all of these data which surprised the testers, whose
familiarity was with larger projectiles, was the large
amount of scatter in the individual results, It was ndt
uncommon to find at least ten percent scatter among the
results for a given aerodynamic property whereas the
statistical error of an individual CD determination is less
than one percent, There were also two other disturbing
features about the data for the 5.56mm M193 bullet., The
data trends as a function of Mach number seemed to be
different from those predicted based on bullet drawings,
Detectable discrepancies appeared between predictions based
on the aerodynamic data taken at low supersonic speeds
using reduced velocity firings and the actual behavior of
the round fired at normal velocity and reaching the same
Mach number at longer range, This appeared through the
development of a limit cycle yaw whose amplitude was not

correctly predicted by the data from the simulated test,

Scveral plausible reasons were advanced for one or
more of these problems., The first of these was the
deformation during the launch cycle; the bullet is swaged
into the tube rifling as a normal part of the launching and
at the least this will produce local deformation on the
bullet surfaces in contact with the bore. 1In the case of
the M193 bullet, in-flight shadowgraphs also indicated
ogival and boattail section changes. Thus, it was argued
that computations based on the prefired shape of the
projectile could have systematic differences because of the

different in-flight shape and that testing at lower launch
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velocities could also vield different results because the
lower load launch condition would yicld less deformation and
hence a different shape, Turther, it was arpued that the
variability in this process could result in round-to-round
variability in the data, Certainly these conditions occur to
some denree but the question is wvhether the end result rro-
duces significant differences in the stability bechavior,

This hypothesis led to the present proaram, A sccond reason,
spin nismatch, was also proposcd to explain the observed

behavior and is the subject of a separate study,

The primary objective of the nrescnt proeram was to
determine the differences between the aerodynamic and
stability properties of bullets launched under normal
service load conditions and those of bullets with minimal
deformation, The principle interest was in the net dif-
ferences in averagec bechavior since only these could explain
the apparently systematic discrepancies., It was, of course,
essentially inpossible to ignore the effect on individual
differences ; this bears on the round-to-round problem. In
addition, the process of testing morc projectiles sheds
further light on the lot-to-lot variations and also firms
the knowledge on the average properties of the M193 bullet,
These items’not necessarily related to the main purposc of
the test, are also reported,

In conducting the tests, care was taken to avoid
conditions that have proven to he causes of variability, or
those that could be if deformation proved to be a serious
problem, These have confused some past comparisons and are:

1, Variability between lots of a given manufacturer,.

2, Variability between the lots of various
manufacturers,

3, Variability between bullet-weapons interactions in
different weapons,

12




The bullet sclected for this study was the 5,56mm M193,
This was donec for two reasons; first, considcrable data has
been obtained with this projectile which can be used for
various comparisons, and sccond, the program scrves to
expand the understanding of the M16 rifle system -- a current

task under the Army Small Arms Rescarch Program,

TEST PROCEDURE

One lot of ammunition, LC SP412, and one rifle,
SN 023199, were used exclusively; other data involving the
same combinations can be found in Reference 1 and in part
of Reference 2, Both of the frec flight range facilities
of the BRL were used; the Transonic Range®* for the
preliminary firing and the smaller Aerodynamics Range® for

the aerodynamic data testing.

In the study of the effects of deformation, it is
nececssary to compare the data from normally deformed
bullets (NDB) with data obtained from relatively undeformed
bullets that have also been fired through the same barrel,.
For the purpose of this report, these latter bullets will be
termed low deformation bullets (LDB) since the engraving
process necessary to impart spin will produce some
deformation and their form will be different from unfired
bullets (UFB). Obviously, both NDB and LDB can not be
readily produced by launching unfired bullets at standard
muzzle velocity since all rounds under these conditions
would fit into the NDB category. Firing the bullet at
reduced velocities, and hence reduced pressures, should
produce bullets of lower deformation. In order to provide
NDB for the same conditions as for LDB, rounds were first

fired at standard conditions, recovered in a soft medium,

*Supenscripts denote nefenences, found on Page 21,
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and then separatecly reloaded into the barrel for the reduced

velocity firings in the aerodynamic testing., The data
obtained from these rounds were comparcd with those from LDB

fired only at the reduced velocity.

The method used to recover the bullets is described in

detail in Reference 4, Briefly, it consisted of placing a

six foot thickh stack of foam rubber saturated with water at
about 600 meters from the weapon and firing into it. The
rifle was mounted in a Frankford rest to provide for
accurate adjustment of the trajectory, The projectiles

F impacted at about 365 mps and previous tests have shown that

under these conditions no visible deformation of the M193

bullet is incurred in the recovery medium,

Mcasurements of the physical properties’ (Table 1) were
made on fourteen unfired rounds. Ten of these projectiles
were recased and along with twelve additional rounds were

fired, recovered and measured. The results are compared on

an individual basis in Table 1., In order to define the
shape of the bullet better before and after launch, contour
measurements were made on ten unfired rounds (four of these
are listed in Group 1, Table 1) and nine NDB (Group 2,
Table 1) by measuring the diameter of the projectiles at

2.54mm intervals using a Mann optical comparitor,

The major portion of the aerodynamic testing of the
LDB and NDB was conducted at Mach 1,25 and 1,60, Some
additional rounds with UFB were fired at higher Mach numbers
to provide connection with the previous data in Reference 1.
As the test speed was increased toward normal muzzle
velocity these projectiles sustained higher pressures and
would, presumably, undergo a transition from what is termed
LDB to NDB,

14




RESULTS

Range lata

At the outset of thec program only the peak pressure at
standard muzzle velocity, about 50,000 psi, was known, It
was apparcnt that rcduced muzzle velocity would yield lower
values, but it seemed reclevant to determinc the value of the
peak pressure at these reduced velocities more exactly,
Inquiry rcvealed that very little data was available on peak
chamber pressure at subnormal muzzle velocity for the M16
rifle. Apprecciation is extended to Mr, R, Geene, of the
Interior Ballistics Laboratory, for conducting a limited
test to produce the curves shown in Figure 1., The data are
not based on the ammunition or the rifle used in the
exterior ballistics tests, This side investigation yields
some general enlightenment, but Mr, Geene cautions that the
limited amount of testing utilized means that these curves
should be considered only as approximations and should not
be considered as a reliable indication of the typical
performance of the M16 rifle system. They are certainly
adequate to show that at the lower velocities used, the peak
pressures are considerably lower than normal and are about
15,000 psi., This substantiates the visual evidence that
projectiles launched at these reduced velocities have less

deformation,

The aerodynamic coefficients were reduced from the
range data in the manner described in Reference 8, A
summary of the aerodynamic data is given in Table 2, Drag
force and moment coefficients have statistical errors less
than 1/2%; errors in damping moment and lift force
coefficients are on the order of 10% and 4%, respectively,
The Magnus moment coefficient was computed with an actual

error of about ,02,
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The moment and force coefficients are plotted in
Figures 2 through 11 as functions of Mach number and yaw.
Only the Mach 1,25 data are shown as a function of yaw since
only at this point are there sufficient data to give a clear
trend of the yaw behavior., The data at the two highest !Mach
numbers were obtained during previous tests and are used

here to show the trends over the full Mach number range.

Two types of data appear on cach of the plots -- data
for NV bullets and data for LD bullets, All rounds
which were launched at standard muzzle velocity either for
recovery or for aerodynamic tests are considered to yield
NDB data while those rounds which were launched only at the

reduced velocities are all considered to yicld LDB data.

The nutational and precessional damping rates, A; and
A, arc given in Figures 12 throueh 15 as a function of yaw
and Mach number. The A's are a function of spin and as
determined from the range test reflect essentially muzzle
spin conditions., These values were used together with
trajectory computations to compute linearized inflight
damping rates corresponding to actual trajectory conditions

at a Mach number of 1.25 and these are given in Figure 16,

The gyroscopic stability factor, s, is plotted in
Figure 17 as a function of launch velocity, Range
determined values of s are shown for ease of comparison
between the NDB and the LDB, Real range values of stability
factor are normally larger than those obtained by tests at
standard muzzle velocity and values of s £ 4 can be expected

at a range of about 500 meters,

Examination of the data curves leads to the following
conclusions with regard to the aerodynamic properties:
1. Most importantly, the effect of deformation on

the average aerodynamic characteristics in the case of the

16

-y




-~

M193 hullet is small, The noticeable differences are:
(a) The overturning moment coefficient, CM -

of the NUB is about 4 percent higher than that of the
LDB and this is reflected by a corresponding decrease in
the gyroscopic stability factor,

(b) There is a slirht indication that there

arc small differences between the NUB and LDB data for C‘|

ra
and at vaw levels of less than threec degrees, These data

show a grcat deal of scatter and are not as well determined
as the remaining data, Much of this data is given only in
Tables 2A and 2B,

It is also clear that the small differences due to the
deformation do not explain either the observed variability
in results or the amplitude of the long range limit cycle
behavior., The NDB and the LDB data show essentially the
same scatter for all cases, The nonlinearitiecs of the small
yaw damping data (Fig. 14) suggest a small limit cycle but
one that would differ little between the NDB and the LDB, and
in neither case would approach the three to four desfrec levels
that have been observed, The conmnuted damning rates for
real range conditions, Fiesure 16, further show this, They
are based on the range data for vaw levels down to nearly
twvo derrees and they indicate damning under all real ranne
conditions, These conclusions, of course, can only strictly
be applied to the 5,56nmm 193 bullet,

Physical Properties

In addition to producing shape changes that influence
the aerodynamic properties dircctly, any deformation can
change the distribution of material within the bullet and,
hence, the inertial factors in the stability properties,
The most appropriate physical properties for each state of

the bullet were used in processing the data and in computing

17
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the damping and stability properties and, hence, their
effect is already included. When range round numbers are
given in Table 1, it indicates the measurements can be
associated individually with the aerodynamic data rounds,
The other aerodynamic data rounds were processed using the
average values of the most pertinent group.

The major differences in the physical properties occur
between the physicals taken before and after launch, The
small differences which appcar to be consistent are:

1. Loss in weight - about 1/2 percent,

2. Decrease in diameter - about 1/2 percent,

3. Decrease in axial moment of inertia - about
1l per cent.

4, Decrease in transverse moment of inertia -

about 3/4 percent,

It should be noted that although the individual changes
are small they combine in a manner to decrease the gyroscopic
stability factor., These changes, coupled with the previous
change in aerodynamic moment, result in a net loss of 5
percent in s compared with what might be expected using,
say, design drawing information. This would hardly be
serious for bullets designed with a large safety factor but
can be relevant for those with small stability margins,

Contour Mcasurements

Ten UFB and nine NDB were contour measured using the
Mann optical comparitor, Diametric measurements were made
at 2.54mm intervals starting at the base of the projectile,
Averages at each interval were computed for each group to
represent the average 'shape" of the two bullets and are
plotted on the same graph in Figure 18. The scale has been

expanded for ease of comparison,

18




xamination of the two shapes reveals few significant
differcnces. About the only observable difference is shown
in the boattail section where the diameter of NUDB has bheen
slightly increased and at the same time slightly rounded,

Another means of examining these data is by
differencing the diameter of the average UF bullet with the
diameter of the individual NB bullets, This method shows
individual differences when compared to the average unfired
bullet, Two examples of this determination are shown in
Figure 19 and encompass the extremes of the data measurcments,
The horizontal scale was expanded by a factor of five to

magnify these differences,

The one consistent trend is the increased diameter of
the boattail section of ND bullets; there is also a slight
rounding in this area, An area near the nose of the ND
bullets shows a less consistent deformation, a slight decrease
in diameter, There are other areas which reveal differences
but they lack consistency and hence contribute primarily to

round to round scatter in the data,

The result of this analysis indicates that the
acrodynamic characteristic most apt to be affected by these
rather small changes in shape is C,1 » JFriee i ghit

o 8 Q a .
determination has shown this to be “about a 4% increase.

CONCLUSICNS

1, The effect of deformation on the aerodynamic

characteristics of the M193 bullet is a 4% increase in C.1 .

This change appcared to he associated with a repeatable ¢

deformation of the boattail section of the bullet during

launch,

2. Snall changes in phyvsical properties of the bullet

caused by deformation were observed. Combining these chanpes

19
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with the change in C adverscly affects the gyroscopic

y
‘ stability by 5%. e

3. None of the above mentioned effects caused by
deformation are sufficient to account for the discrepancies
betwecn the conputed and the observed limit cycle vaw

values,
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Table 1, Physical Properties
cn
(in, I I
Rd. wt, L d from e y
NO. NO. (gmo) (inc) (in.) base) (ﬂmc'in.) (ﬂm.-in-)
UFB (Group 1)
1* 3.549 ,745 ,224 .303 .0184 .1145
2* 3.529 ,742 00 .300 ,0182 .1140
3 3.540 ,746 L .303 .0182 .1148
4* 3.538 ,748 00 .301 .0181 .1154
S* 3.547 ,735 " .299 .,0182 .1147
6* 3.564 ,727 l 296 .,0185 .1151
7* 3.532 .740 00 . 300 L,0183 ,1139
8* 3.559 ,746 b .304 L,0185 .1159
g 3.564 ,749 U .303 .0185 .1152
10* 3.528 .741 il . 302 .0181 .1145
11** 9188 3,543 ,749 u .307 .0185 .1154
12** 9195 3,570 ,742 " . 307 .0186 w1173
13** 9196 3.547 ,737 " .303 .0186 w1131
14** 9201 3,545 ,750 1 .308 .0184 ,1183
14 rd, ave, 3.547 .743 ,224 .303 .0184 .1152
Ave,.* 3.546 ,741 . 224 . 301 .0183 ,1148
**Used for contour mecasurements
]
22




et e N e T e

Table 1. Physical

Properties

(Continued)

Rd, Wt, L d
No. No, (gm,) (in,) . (in,)

cn
(in. I

X
fronm

I

4

2 2
base) (gm.-in.) (gm,-in,)

NDB (CGroun 2)

1* 3,532 .745 ,223 .303 L0182 1141
2* 9079 3.514 742 it . 301 .0182 .1130
3* not recovered

4* 9080 3,522 . 749 Ly .302 . 0180 1152
5* 9081 3,530 735 (0 . 300 ,0181 .1144
6* 9082 3,531 727 Ul 297 L0181 ., 1140
7*  908) 3,517 . 740 L . 303 .0N181 .1133
8* 908 3.544 747 LU . 305 .0181 1160
9% 9090 3,546 . 750 u 303 .0132 , 1152
10* 29083 3,512 741 {l . 303 .0179 1139
11 3.534 .750 0f L3006 .0182 1101
12 3,531 743 e . 302 .0183 1174
13 9199 3,520 .735 0 L300 .0182 .1128
14 9197 3,545 751 " . 306 .0130 .,1182
15 9198 3,534 . 734 Y . 299 .0182 ., 1145
16 9193 3,521 741 u . 303 .0182 ,1139
17 9194 3,561 .743 U .298 .0184 L1162
18 9191 3,567 .764 U . 309 .0183 .1186
19 9192 3,520 741 J0 . 304 .0182 ,1132
20 9189 3.524 732 Ly .303 .0183 ,1133
21 9200 3,556 .747 W . 305 ,0182 1190
212 9190 3,538 .743 0 . 299 .0182 1155
Ave , * 3.528 .742 ,223 . 302 ,0181 .1143
Ave,** 3.534 .743 .223 . 303 .0182 s1152

*Correspond to first ten rounds
also contour measured,

**22 round average in Groun 2

in Group 1,

These were




Table 2A

Summary of Aerodvnamic Characteristics»

C.
', cry,
= + (cal,
% C C,, Cy |Gy |Cy fron
Rd, [Tvpe| (deg) D o & pal "a |base) s

9195{LbB |1.125125,3 |1.323|1.765{-2,25{-,20]4,89|1.79. 11,84
v196| " 1,230) 5,2 0537(1,9011-2,301=-,09(2,7512.04 [1,31
9201 " 1,253110,7 0 635(1.,934|-3,19(-,0612,95(2,00 |1,26
9084 " 1.251} 9.4 .615(1,871]|-3,27]-,1042,9312,01 (1,30

9085 " 1.254 .48711,902|- ,04|-,27|2,70(2,06 |1.21
9083 " 1.276 .515/1,8801-1,98)-,13|2,74(2,04 |1,22
vogoy " 1.297 .49811,888)- ,52|-.2412,59]12,09 |1.28
9091 " 1.601 .480(1,860(-2,23{-,08}3,02(1,97 1,27
90921 " 1.610 .45011.960|- ,75]-,3012,98(2,02 |1,40
01881 " 1,627 47911,821(-2,42(-.06(2,80{2,03 |1,34
9184 " 1.759 .41211,8111-2,93]-,17(2,6812,02 (1,31
9185 " 1.767 .42211,805(-2,201-,0912,7512.01 |1.26
9187 " 1,959 .40111,770 2.54(2,05 |1,44

9186 " 1.964
9193 |NDB 11,178
9198 " 1.192
9192 v 1.225
9082 1,249
9200 " 1.257
9191 " 1.263
9081} " 1.267
9189 " 1,271

«42311,760|-2,46}-,0212,88(1.96 |1.36
«576(1,955{-2,70]-,2212,67(2.07 1,30
.87711,832|-2,45{-,1013,87|1.85 |1.58
.52011,982|-3,15(-,06(12.91|2.04 }|1,29
.67011,998|-3,15)-,08(3,13(2.02 |1,34
.668(2,000|-2,83(-,07)3,04|2.05 }1,31
.56411,975(-3,33|=-,06|2,72|2,11 |1,28
.586(1,970|-2,57}{-.06)2,80(2,07 1,23
.51941,956(-1,94}-,18|2,83(2,05 |1.31

-

—
N NNV WUNT L OO a8~ NUIN LWL WL
]

9199 " 1,291 .031|1,917|-3,03}-,10(3,00{2.,00 |1,35
9190 " 1,294 «53111,963|-2.,49(-,11{2,77(2,05 |1,30
9080 " 1,307 .561[1,928/-2,96|-,08[2.,96(2.02 |1,26
9197¢( " 1,320 .53812,008{-3,30{-,06(2,81)2,09 [1,22

.54711,946|-3,12(-,08(2,66(2,07 |1,32
.44912,014|-3,37}-,1512.9212,05 |1,36 d
.455011,927(-1,93(-,11|2.71|2.07 |1,29
.49211,9501-2,42|-,006|2.78|2,06 |1,35
.52511,878}-2,47}-,0512,91{2,00 {1,35

9194 " 1,357
9090 " 1,548
9087 " 1,550
9088 " 1.564
9089 " 1,573

D UHOAEDUWSCLUNDT OO NONNNDDOOA AN D D

* If nonlinearities are present, the tabulated coefficients

are presuned to be range determined values,
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Table 2B
Summary of Aerodynamic Characteristics¥*
Rd. [A;x103[a,x103] K, Ko 52 agl sgz 62,
(1/tt) [ (1/ft)
9195 8,065 1,44 [,221 |.365 |.,2107 |.3156 |,2310 (,7898
9196} 8,37 .65 |,044 |,079 |,0078 |.,0144 [,0101 |,0544
9201{10,59 .80 [.,083 j.167 [,0294 |,0630 {,0419 |,2969
9084)11,62 |- .38 |[.069 |,148 |,0224 |,0488 |,0316 |,2266
9085| 6,92 |-1,97 |.,023 |.058 [.0025 |.0072 |.0044 |,0427
9083 9.08 |- .25 [.036 |.080 |.0056 |.0140 |.0089 [,0755
v086| 6,95 [-1,69 |,030 [,060 |,0038 [.0081 |,0054 |.0370
9091 7.74 1.42 [.054 |,080 |,0104 |,0159 [,0124 |,0470
9092} 7,94 |-2.,34 |[,021 |,038 |[,0018 |.0032 [.0023 [.0116
9188| 7.42 1,38 |.052 [.079 |.0099 |.0152 |.0117 }|,0437
9184|11.72 |-2,10 |[,015 |.043 |,0015 |,0040 [,0023 [,0211
9185 8.01 .55 |.032 |.054 |,0038 |,0068 |[.0049 |,0256
9187 -3.98 |.007 |.033 [.,0008 [,0022 |.0012 [,0117
9186| 6,32 2,51 |.051 |.,067 |.0088 |,0117 |.,0097 |,0240
9193)13,28 |-3,44 |,028 },101 |.0066 |.0210 {.0117 [,1218
9198 7.97 2.08 |.169 |,247 [.,1080 |,.1505 [.,1184 |,3332
919210, 31 .61 |,032 |,065 [,0045 |,0096 |.0063 |,0427
9082|10,13 1.06 |[.096 [.,166 |.0372 [,0646 |.,0462 |.2316
9200 9,38 1.14 [,098 [,174 |.,0386 |.0700 |,0496 (,2762
9191|10,09 .21 |.050 {,107 |.0115 |,0255 [,0166 [,1238
9081 9.44 .96 |.067 |.122 (,0170 |.,0342 },0238 |,1519
9189| 9,34 [-1,04 |,028 |,064 |,0039 [.0089 |,0057 |,0416
9199(10,82 .06 |,085 |,146 (,0292 |,0503 |[.0361 |.1730
9190| 9.42 - .13 |,041 [,084 |,0074 [,0157 {,0103 |,0710
9080(10,32 .60 |,055 j.109 |,0127 |.0267 [.0179 |.1229
9197]11.26 .24 |,042 j,102 [,0082 |,0227 [,0140 }.1332
9194{10,50 (- ,19 |.043 |,092 |,0088 |[,0181 |.0121 [,0838
9090|12,32 [(-1,53 |.016 |{.038 {,0014 (.0032 |.0020 [,0151
9087 7.08 .26 |,034 |,052 |,0042 [(,0067 (,0051 |,0217
, 9088| 7.71 1.25 |.051 |,077 [,0094 |,0144 |,0110 [,0416
9089 7.45 1.87 [.059 |.085 {,0123 [.0178 |.0141 }|,0458

25

¥ Positive A2 indicates yaw damping,
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M=193 Contour (before and after launch)
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Fieure 19,

UFB (d)- NDB(d) (INCHES)

Diametric bifference Versus Leneth

(average UFB-Individual NFB)
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A (INCHES)

T2 o +
.64 + +
.56 <+ 3
48 <4 : 4
40 + -
32 + T
24 4 1
16 -+ -
.08 <+ -+
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